The length and extent of the odontoblast cell process in dentine has been the subject of controversy for many years. Here an immunofluorescence technique has been applied at the light microscope level to rat coronal dentine to localize the intracellular components actin and tubulin. Adult rats were perfused with periodate-lysine-paraformaldehyde fixative, teeth were extracted, the molar crowns were demineralized, dehydrated, wax embedded, and 6 jam seetions were prepared.
The sections were postfixed in -20#{176}C acetone and then incubated with affinity-purified rabbit anti-actin or anti-tubulin antibodies, followed by fluorescein-conjugated goat anti-rabbit immunoglobuhin. Intratubular immunofluorescence labeling for tubulin extended to the dentinoenamel junction, whereas labeling for actin, although extending to the dentionenamel june-
Introduction
Dentine is a mineralized connective tissue that forms the bulk of the tooth and surrounds the dental pulp. It is located beneath the coronal enamel and root cementum, and can achieve a thickness of 3-4 mm.
The most characteristic feature of dentine is that it is permeated by a tubular system that traverses its entire thickness (Tonneck, 1980) . Up until 1972, it was generally assumed that these tubules were occupied by a cellular process extending from the body of the dentine forming cell, the odontoblast, to the dentinoenamel junction (Bradford, 1950; Tomes, 1856; Weill and Tassin, 1968) . Bn#{228}nnstr#{246}m and Garberoglio (1972) first queried this assumption, and for a decade transmission electron microscopic (TEM) investigations ofthe dentine have suggested that the odontoblast processes are restricted to the inner/pulpal third of the dentinal tubules in rat (Garant, 1972) , cat (Holland, 1975 (Holland, , 1976 , and human (Frank and Voegel, 1980; Thomas, 1983; Thomas and Payne, 1983) In an attempt to resolve this debate, we decided to try a quite different approach.
We have examined the extent of the odontoblast process in coronal dentine by applying an immunofluonescence technique at the light microscope level in order to localize components known to be intracellular.
The odontoblast process is known to contain a network of microtubules and microfilaments (Frank and Voegel, 1980; Garant, 1972; Thomas and Payne, 1983 There is a lack of labeling in the atubular dentine (AT) beneath the enamel free region ofthe cusp tip (arrow). Box delineates region near the dentinoenamel junction where laterally branching processes are evident (see higher magnification in Figure 4 ). PD, predentine; D, dentine; P, pulp; AT, atubular dentine.
Original magnification X 189. Bar = 100 jam. Section has been incubated with PBS, followed by fluorescein-labeled goat anti-rabbit IgGs. Note absence of specific labeling in the pulp (P), throughout the dentinal tubules (D), on near or at the dentinoenamel 
Results
Immunofluorescence labeling for tubuhin was evident in an intratubuhar location ( Figure  1) . The intensity of the labeling was relatively uniform throughout the entire thickness of the dentine and followed a predominantly linear course along the primary curvature of the dentinal tubules ( Figures  1,2 autofluorescence of the dentine and nonspecific binding of the second antibody was evident ( Figure  3 ). The apparent variability in the observed intensity of the labeling seen in Figures  1 and 2 is due in part to the difficulty inherent in photographing the large section with an objective of limited depth of field and in part to the bleaching effect that occurs during the multiple photomicrographic exposures required to produce the montage. The positive labeling for tubulin extended to the dentinoenamel junction and could also be seen in the lateral branching of the tubules (Figure 4) . The pulp cells and odontoblast cell bodies also were labeled positively for tubulin. There was no fluorescence labeling in the tubules of the dentine located beneath the enamel free region of the molar cusp tips (Figures  1,2) . Immunofluorescence labeling for actin was also evident in an intratubular location following the primary curvature of the dentinal tubules, however, in contrast to tubulin staining, it was more prominent in the inner/pulpal third ofthe dentine ( Figure 5 ). Actin labeling was occasionally seen in the outer third of the dentine and up to the dentinoenamel junction.
No labeling was detected under the enamel free region of the molar cusp tips. Odontoblast cell bodies were positively labeled for actin ( Figure  5) , as were pulp cells. Control sections did not exhibit any specific fluorescent labeling although a low level background due to autofluorescence of the dentine and nonspecific binding of the second antibody was evident (Figure 6a,b ).
Discussion
The results of this immunofluorescenc#{128} study have demonstrated the distributions of actin and tubuhin in the coronal dentine of rat molars. Since microtubules are known to be located intracellularhy [(Weben et al., 1975) for review, see Schliwa et al. (1981) ), the presence of tubulin-containing structures extending from the odontoblast cell bodies to the dentinoenamel junction supports the hypothesis that the odontoblast process does extend to the dentinoenamel junction. In addition to the normal controls applied to antibody labeling, support for the specificity of the labeling comes from the fact that specific fluorescence staining could not be observed in the atubular dentine beneath the enamel free region of the molar cusp tips (Baume, 1980) . In contrast to microtubules, actin-containing structures were more prominent in the inner third of the coronal dentine, with only occasional labeling for actin detectable in the outer third of the dentinal tubules and near the dentinoenamel junction.
The fact that some actincontaining microfilaments are present in the outer third ofthe dentinal tubules lends support to the hypothesis that odontoblast processes do extend to the dentinoenamel junction.
Whether the observed difference in labeling between tubulin and actin is due to inadequate fixation of the microfilaments and their subsequent loss from the coronal ends of the odontoblast processes, on reflects their actual distribution, i.e., (1981) ). Thus, in view of the discussion on fixation as above and these earlier difficulties, it is possible that the distal aspect of the odontoblast process is lost during the preparation of the ultrathin sections.
In conclusion, this study supports recent SEM data ( Gunji and Kobayashi,
